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Abstract. — The morphofunctional adaptations of the egg parasitoids of two arboreal mirids (Het- 
eroptera: Miridae) for reaching the concealed eggs of their hosts, Calocoris qiiadripiinctatus (Villers) 
and Calocoris trivialis (Costa), were studied in a natural ecosystem (oak forest) and in an agroe- 
cosystem (orange groves), respectively. Calocoris qiiadripiinctatus is a predator of immature stages 
of Tortrix viridana (L.) (Lepidoptera: Tortricidae) in deciduous oak forests, Quercus spp., in Tus- 
cany. Eggs are laid in clusters and concealed among the scales of dead buds, where they are 
exploited by two parasitoid species. Chaetostricha walkeri (Forster) (Hymenoptera: Trichogram- 
matidae) has a long ovipositor which is inserted between the scales to reach the host eggs, and 
is therefore an "ovipositor prober". Instead, Telenomus sp. laricis Walker group (Hymenoptera: 
Scelionidae) has a depressed metasoma which is introduced between the scales, and is therefore 
a "metasomal prober". Calocoris trivialis is a phytophagous species that damages orange groves. 
Citrus sinensis (L.), and other Citrus spp. in Sicily. The eggs are concealed in the soft, decaying 
wood of old pruning wounds and are attacked by at least two parasitoids. Aprostocetus n. sp. near 
miridivorus (Domenichini) (Hymenoptera: Eulophidae) is probably both an "ovipositor prober" 
and an "ovipositor driller", as it can also drill through the wood. Telenomus lopicida Silvestri 
(Hymenoptera: Scelionidae) has a long ovipositor and a compressed metasoma, which is intro- 
duced into the host incision, and is therefore a "metasomal prober". Such morphological adap- 
tations appear to be linked to the host oviposition sites and explain some aspects of parasitoid 
exploitation efficiency; they may also help interpret other host-parasitoid associations that are 
unknown or questionable. 



Mind bugs (Heteroptera: Miridae), the 
largest family of Heteroptera, are very 
common both in arboreal and herbaceous 
ecosystems, were they feed on plants 
(phytophagous species), other arthropods 
(zoophagous) or both (zoophytophagous) 
(Wagner and Weber 1964, Alomar and 
Wiedenmann 1996). Their eggs are elon- 
gated with a true operculum on their an- 
terior pole and are more or less deeply 
embedded in dead or living plant tissues, 
or concealed between plant organs (Kul- 
lenberg 1946, Southwood 1956, Cobben 
1968, Hinton 1981). In spite of these kinds 
of protection, mirid eggs can be attacked 
by parasitoids belonging to Eulophidae, 
Trichogrammatidae, Scelionidae and My- 



maridae (Hymenoptera) (Bin and Vinson 
unpublished). Some of these host-parasit- 
oid associations from a natural ecosystem, 
oak forest, in Tuscany (central Italy) and 
from an agroecosystem, orange groves, in 
Sicily (southern Italy), are described here, 
focusing on morphological features relat- 
ed to parasitoid strategies. 

Oaks in Tuscany are attacked by Tortrix 
viridana (L.) (Lepidoptera: Tortricidae), 
which is distributed over large portions of 
the Palaearctic region, from northern Eu- 
rope to the Mediterranean region, and 
during population outbreaks can seriously 
defoliate vast groves (Bogenschutz 1978). 
Eggs and possibly young larvae of this 
tortricid are preyed upon (Roversi unpub- 
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lished) by the zoophytophagous mirid 
Calocoris quadripunctatus (Villers) (Wagner 
and Weber 1964), the population size of 
which was found to be directly dependent 
on T. viridana density (Roversi et al. in 
preparation). Calocoris quadripunctatus has 
one generation per year and overwinters 
in the egg stage. Eggs are concealed in 
dead buds, between external scales that 
are partially spaced out, where they are 
attacked by Chaetostricha zvalkeri Forster 
(Hymenoptera: Trichogrammatidae) and a 
Telenomus sp. (Hymenoptera: Scelionidae) 
(Conti et al 1997, Roversi et al 1998) which 
belongs to the T. laricis Walker species 
group (Huggert 1983, Johnson 1984); both 
are new host records. Parasitoid impact on 
the predator, pooled for the two species, 
averaged 17% in 1994 (Conti et al 1997, 
Roversi et al. in preparation). 

Orange groves in Sicily are attacked by 
the phytophagous mirid Calocoris trivialis 
(Costa), which causes apical deformation 
of shoots, leaf necrosis and drop of flower 
buds (Barbagallo 1970). This mirid also 
has one generation per year and overwin- 
ters in the egg stage, but the eggs are em- 
bedded in the soft dead and decaying 
wood of old pruning wounds. These eggs 
are attacked by Aprostocetus miridivorus 
(Domenichini) (Barbagallo 1969, 1970, 
Graham 1987), Aprostocetus new species 
near miridivorus (Hymenoptera: Eulophi- 
dae) (Conti et al 1991, 1997) and Telenomus 
lopicida Silvestri (Hymenoptera: Scelioni- 
dae) (Barbagallo 1970, Conti et al. 1991, 
1997). Total parasitoid impact averaged 
57-70% in the different years and loca- 
tions (Barbagallo 1969, 1970, Conti et al. 
1991, 1997, Roversi et al. in preparation). 
Apnostocetus miridivorus and T. lopncida 
were also recorded from overwintering 
eggs of the mirid Capisodes lineolatus , deep- 
ly embedded inside incisions in herba- 
ceous plants (Silvestri 1932, 1939, Graham 
1987). However, it is unknown whether 
the same parasitoids shift between two al- 
ternative hosts or if they are two different 



biotypes, with different habitat preferenc- 
es. 

Some aspects of these mirid — egg par- 
asitoid associations on oak and orange 
groves are described in this paper by com- 
bining observations on host oviposition 
sites and parasitoid morphological adap- 
tations, with the aim of defining oviposi- 
tion strategies. 

MATERIALS AND METHODS 
Sampling Procedures 

Oak groves. — Field research on egg par- 
asitoids associated with C. quadripnmctatus 
was carried out in five permanent sam- 
pling areas with mixed stands of Quercus 
pmbescens Will, and Q. cerris L., ranging 
from 350 m to 700 m above sea level, in 
central Tuscany (central Italy). Quercus pm- 
bescens is included in the overstorey, as the 
masts are more palatable to livestock, 
while Q. cerris is part of the understorey 
and is used mainly for timber. In this 
landscape of gently rolling hills, oak 
stands normally alternate with vineyards 
and olive groves. 

During the winters of 1994 and 1996, 36 
branches, 1 m long, were collected in each 
sampling area (total 180 branches) and 
transferred to the laboratory. All dead 
buds were counted, collected and kept un- 
der a shelter at outdoor conditions. In 
spring, when nymphs and parasitoids had 
emerged, buds were dissected and exam- 
ined under the stereomicroscope. 

Orange groves. — Overwintering eggs of 
C. trivialis , embedded in the soft decayed 
wood of the pruning wounds, were col- 
lected on 9-10 January 1991 and 2-5 Feb- 
ruary 1992 in 6 orange. Citrus sinensis (L.), 
groves, the same both years, in 5 localities 
of the Provinces of Catania and Siracusa 
(Sicily, southern Italy). 

Pruning wounds of different sizes and 
suitable for oviposition by C. trivialis were 
sampled randomly over the whole area of 
the groves. Twenty (20) to 62 samples per 
grove were collected in 1991 (total 224 
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samples), 30 per grove in 1992 (total 180 
samples). The samples were then trans- 
ferred to the laboratory and kept under 
controlled conditions (25 ± 1 °C, 60%-95% 
RH; photoperiod L:D 14:10) in different 
kinds of screened containers (30 X 160 
mm glass tubes, 140 X 25 mm Petri dishes, 
185 X 140 X 290 mm plastic food contain- 
ers), depending on the size of the samples. 
All the material was examined under the 
stereomicroscope in summer, when emer- 
gence of nymphs and parasitoids was 
complete. 

Host Oviposition Sites and Parasitoid 
Structures 

For both species of Calocoris, eggs were 
classified in the following categories: — 
healthy (i.e., eclosed), — parasitized (i.e., 
containing the parasitoid or with the pres- 
ence of an emergence hole), — dead due to 
other agents (predators or unknown). Egg 
length was measured under a stereomi- 
croscope and the characteristics of healthy 
and parasitized eggs were described. In 
the case of C. qiiadripunctatus, the distri- 
bution of healthy and parasitized eggs in 
each cluster was mapped. 

The position of the parasitoid piercing 
point on the host egg was recorded when 
visible under the stereoscopic or com- 
pound microscope. However, on eggs of 
C. trivialis such parasitoid punctures are 
often hidden by remains of wood that are 
glued to the chorion, due to a sticky se- 
cretion from the ovipositing female. In an 
attempt to dissolve this secretion, eggs 
were sonicated at room temperature for at 
least 15 minutes in different solvents (wa- 
ter, ethanol, acetone, chloroform), or 
soaked in boiling chloroform (61.2 °C) in 
a beaker inside a water bath for 15 min- 
utes. 

Parasitoids' structures used for reaching 
the concealed host eggs were evaluated by 
measuring the total body length, metaso- 
ma size and ovipositor length of 5 or 10 
females of each species. To measure ovi- 
positor length, the two scelionids were 



cleared with potassium hydroxide and 
mounted on slides. Measurements were 
made using a micrometer eyepiece mount- 
ed on a compound microscope, or under 
a Nikon E 600 microscope connected to a 
JVC TK-C1380 video camera, and using a 
computer program for visual image anal- 
ysis (Lucia 3.5). 

RESULTS AND DISCUSSION 

Host oviposition sites . — The eggs of C. 
qiiadripunctatus , concealed among the 
scales of dead buds on oak, are laid in 
clusters, most frequently with 3 to 5 eggs, 
and nothing appears externally to indicate 
their presence. In 1994 and 1996 buds with 
eggs contained on average 6 to 8 clusters 
each (Roversi et al. in preparation) (Figs. 
1, 3 and 4). In contrast, the eggs of C. tri- 
vialis, concealed in the pruning wounds on 
orange trees, are laid singly and distrib- 
uted variably on the wound surface where 
the decaying wood is soft enough for ovi- 
position. The wounds sampled in 1991 
and 1992 had a very variable diameter, 
from 13 to 98 mm, with an average of 45 
mm. Wounds with eggs contained on av- 
erage 8.3 eggs each in 1991 and 5.1 in 1992. 
Normally these eggs were deeply embed- 
ded, with the operculum at 386 ± 37.2 pm 
(Mean ± SEM, n = 10) under the substrate 
and not visible externally, although par- 
tially exposed eggs were also found in 
rare cases. The oviposition incisions, that 
indicate egg presence, may close partially 
or completely when rainwater swells the 
wood, thus becoming inconspicuous or to- 
tally invisible (Figs. 2, 11 and 12). 

Both the dead buds on oak and the 
pruning wounds on orange trees con- 
tained recently laid eggs and eggs that 
had been laid during previous seasons, 
thus indicating that they provide a suit- 
able oviposition substrate for several 
years. Also, because of wood erosion by 
atmospheric agents, old egg shells of C. 
trivialis on pruning wounds were often 
more or less exposed and directly visible 
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Figs. 1-2. 1, Dead oak bud partially dissected to show egg clusters of Calocoris quadripninctatus concealed 

between scales. 2, Pruning wound with soft decaying wood on orange tree and, in the inserted photo, a cross 
section partially exposing an embedded egg of Calocoris trivialis. 



under the stereomicroscope or even to the 
naked eye. 

Parasitoids' morphological adaptations and 
strategies . — How do the parasitoids reach 
and attack such concealed and, therefore, 
protected eggs? 

The egg parasitoids of C. quadripuncta - 
tus in oak buds have developed two dif- 
ferent morphological adaptations and 
strategies (Figs. 5, 6, 8 and 9). The tricho- 
grammatid Chaetostricha walkeri has a very 
long ovipositor, 3.15 times the length of its 
metasoma. The proximal end reaches the 
prothoracic coxae, where it is articulated 
on a special structure, probably used as an 
extension device (Figs. 5 and 6, Table 1). 
In contrast, the scelionid Telenomus sp. lar- 
icis group has a depressed (dorso-ventral- 
ly flattened) metasoma, 69% of the length 
of the whole body, which facilitates its in- 
sertion between bud scales. The ovipositor 
is 86% of the length of the metasoma and 
is invaginated in it, from which it is ex- 



tended for parasitization (Figs. 8 and 9; 
Table 1). Similarly, lygaeid egg parasitoids 
in Telenomus and Eumicrosoma also have 
depressed metasoma (A. Polaszek, pers. 
comm.). 

In spite of these adaptations, both C. 
xvalkeri and Telenomus sp. laricis group can 
hardly reach the most internal eggs, as 
only the first (peripheral) and second (sub- 
peripheral) ones are normally attacked, al- 
though there are a few exceptions (Roversi 
et al. in preparation). In addition, both par- 
asitoids attack the peripheral egg more 
frequently than the sub-peripheral one, al- 
though C. walkeri can reach both much 
more often than Telenomus sp. (Fig. 19). 
Whether in such cases one species can dis- 
criminate between healthy eggs and eggs 
parasitized by the conspecific or other spe- 
cies is unknown. Similar differences of ef- 
fectiveness, due to metasoma morphology 
and ovipositor length, were also observed 
on species attacking egg masses of the rice 
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Figs. 3-10. Calocoris quadripunctatus and its egg parasitoids. 3, Schematic section of a dead oak bud showing 
C. quadripunctatus egg clusters concealed between scales. 4, Detail of a scale with a cluster of four eggs. 5 and 
6, Lateral and dorsal views of Chactostricha walkeri Forster showing the long ovipositor. 7, Host egg parasitized 
by C. walkeri showing the parasitoid piercing point on the chorion. 8 and 9, Lateral and dorsal views of 
Telcnomus sp. laricis group showing its depressed metasoma with the ovipositor indicated (dotted line). 10, 
Host egg parasitized by Telcnomus sp. laricis group showing the parasitoid piercing point on the chorion and 
the characteristic transversal band. 






Figs. 11-18. Cnlocoris trivialis and its egg parasitoids. 11, Example of a pruning wound on orange showing 
a distribution of C. trivialis eggs (circles). 12, Schematic section of a host oviposition incision to indicate egg 
position in relation to the substrate. 13 and 14, Lateral and dorsal views of Aprostocctus n. sp. near miridivorus. 
15, Host egg parasitized by Aprostocctus n. sp. near miridivorus showing the parasitoid piercing point on the 
chorion. 16 and 17, Lateral and dorsal views of Tclcnoums lopicida showing its compressed metasoma with the 
long ovipositor indicated (dotted lines). 18, 1 lost egg parasitized by T. lopicida showing the parasitoid piercing 
point on the chorion and the characteristic transversal band. 
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Table 1. Measurements (mean ± SEM; in mm) of female parasitoid body parts to show morphological 
adaptations for reaching the host egg concealed between dead bud scales (C. quadripunctatiis) or in decaying 
wood (C. trivialis). 



Parasiloid 


Host 


Body 

length 


Length 


Melasoma dimensions 
Lateral 


. Dorso- ventral 
(max.) 


Ovipositor 

length 


Max. 


Min. 


Chaetostricha walkeri (n 


C. 4-punclalus 


0.843 ± 0.022 


0.479 ± 0.015 


0.268 ± 0.005 





0.274 ± 0.010 


1.511 ± 0.029 


Telenomus sp. (2> 


C. 4-punclalus 


0.796 ± 0.020 


0.548 ± 0.010 


0.141 ± 0.002 


— 


0.053 ± 0.002 


0.472 ± 0.004 


Aprostocetus sp. (2) 


C. trivialis 


1.230 ± 0.053 


0.652 ± 0.017 


0.284 ± 0.008 


— 


0.330 ± 0.014 


0.617 ± 0.025 


Telenomus lopicida a) 


C. trivialis 


1.095 ± 0.018 


0.635 ± 0.015 


0.162 ± 0.004 


0.027 ± 0.005 


0.146 ± 0.007 


0.832 ± 0.039 



(,) n = 10; (2) n = 5. 



stemborer Scirpophaga incertulas (Walker) 
(as Tryporyza incertulas Walker) (Lepidop- 
tera: Pyralidae) in Vietnam (Vu and 
Nguyen 1987) and on Telenomus bnsseolae 
Gahan attacking the maize stemborer Se- 
samia nonagrioides (Lefevre) (Lepidoptera: 
Noctuidae) in Greece (Alexandri and Tsit- 
sipis 1990). 

The egg parasitoids of Calocoris trivialis 
on orange have also developed two dif- 
ferent strategies (Figs. 13, 14, 16 and 17). 
The eulophid Aprostocetus n. sp. near mir- 
idivorus shows no apparent morphological 
adaptations. The ovipositor is 95% of the 



length of the metasoma and is probably 
introduced into the incision or inserted by 
drilling through the wooden substrate 
(Figs. 13 and 14; Table 1). Laboratory ob- 
servations on the oviposition behavior of 
A. miridivorus towards Calocoris norvegicus 
(Gmelin), indicate that the parasitoid in- 
tensely antennates oviposition incisions 
containing host eggs and, in most cases, 
inserts its ovipositor through the incision, 
although it also appears to drill through 
the dead wood (Conti and Bin unpub- 
lished). This is especially important in the 
open field where, because of wood swell- 
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Fig. 19. Frequency of Calocoris quadripunctatiis egg clusters (4 eggs per cluster on average) parasitized by 
Telenomus sp. laricis group or Chaetostricha walkeri , related to the position of the parasitized egg/s in the cluster. 
For the sake of clarity, the very few cases of more than 2 parasitized eggs per cluster have not been represented 
in the graph. 
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ing caused by rain, the incisions can be 
partially or completely closed. 

The scelionid T. lopicida presents a much 
more evident adaptation. The distal half 
(53% of total length) of its metasoma is lat- 
erally compressed and its distal quarter 
(23%) is only 27 fxm wide (Figs. 16 and 17; 
Table 1). This strongly facilitates its intro- 
duction into the host oviposition incisions, 
as has been observed with eggs of Capso- 
des lineolatus (Brulle) (Heteroptera: Miri- 
dae) embedded in stems of Scabiosa col- 
umbaria L. (Silvestri 1932, 1939). In addi- 
tion, the ovipositor of T. lopicida is 1.31 
times the length of the metasoma and is 
partially contained in a dorso-metasomal 
hump (Figs. 16 and 17; Table 1). 

The parasitoid strategies described 
above are also confirmed by the position 
of the parasitoid piercing point on the egg 
chorion (Figs. 7, 10, 15 and 18). In the case 
of C. quadripunctatus , this point is evi- 
denced by the presence of a brown circu- 
lar area localized on the exposed side of 
the egg (Figs. 7 and 10). Such eggs, when 
parasitized by C. zvalkeri, are visibly swol- 
len and light amber colored. In contrast, 
those attacked by Telenomus sp. laricis 
group are slightly opaque, with a dark 
transverse band evident from the pupal 
stage of the parasitoid onwards, and ap- 
pear darker close to eclosion, due to the 
presence of the pupa or the adult, visible 
within. 

In the case of C. trivialis , the parasitoid 
piercing point is less recognizable under 
the microscope because the darkened area 
is often not appreciable and because part 
of the chorion is generally hidden by 
wood remains glued to it. These remains 
could be removed only mechanically, 
when possible at all, as the glue is not sol- 
uble in any of the solvents tested. The 
piercing points, when distinguishable, 
were localized on the apical third of the 
concave egg side, under the egg cap area 
(Figs. 15 and 18). No piercing points on 
the egg cap were observed and, indeed, 
due to its thickness and hardness, it seems 



that this area can be excluded as a piercing 
site by the parasitoid. Such parasitized 
eggs of C. trivialis were also characterized 
by a light amber-colored chorion and ap- 
peared darker close to eclosion because of 
the presence of the darkening pupa or the 
adult, visible within. Similar to C. quadri- 
punctatus, eggs of C. trivialis parasitized by 
T. lopicida show a dark transverse band at 
the level of the meta thorax (Fig. 18) while 
those parasitized by Aprostocetus sp. do 
not show any particular pattern (Barba- 
gallo 1969, Mineo and Sinacori 1978) (Fig. 
15). 

Escaping from the host substrate is an- 
other critical situation for which the 
emerging parasitoids, both males and fe- 
males, need a morphological adaptation 
(Quicke 1997). Parasitoids of C. quadri- 
punctatus in most cases escape from the 
buds by crawling out between the scales, 
although C. zvalkeri may also chew circular 
holes in the scales. In contrast, both para- 
sitoids of C. trivialis have to chew a hole 
of variable length in the soft decaying 
wood, depending on their distance from 
the surface. While in most cases the emer- 
gence hole of both species is localized in 
the apical third of the egg, including the 
egg cap area, sometimes T. lopicida pu- 
pates upside-down and therefore has to 
chew a much longer tunnel in the wood. 
This is obviously performed with mandi- 
bles well adapted to chew plant tissues. 

No other adaptive cephalic feature is 
presented by T. lopicida since its frons is 
smooth, whereas other species, also be- 
longing to the T. laricis group, exhibit a 
marked scale-like sculpture on the frons 
and vertex (Johnson 1984) probably useful 
for escaping in combination with mandi- 
bles (Bin and Conti unpublished) and 
have a pointed head, the distinctive fea- 
ture of the laricis group (A. Polaszek, pers. 
comm.). 

CONCLUSIONS 

Ideally, host-parasitoid associations 
should be defined using a complete set of 
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characters, ranging from physical and 
chemical cues for habitat and host loca- 
tion, to physiological and biochemical in- 
teractions for host suitability. However, 
some pieces of such a complex mosaic can 
be provided by comparing the features of 
the microhabitat, selected by the host to 
escape adverse climatic events, with the 
ability of the parasitoid to overcome such 
physical barriers in order to reach the host 
and eventually emerge from it. 

It is clear that in some cases the mor- 
phology of the ovipositor (Austin 1983), 
the metasoma and, possibly, other body 
parts are evolutionarily linked to the ex- 
ploitation of particular hosts. Therefore, in 
the future these morphological adapta- 
tions may be used to predict the most like- 
ly host groups or oviposition sites (Austin 
1983). 

The parasitoid species considered here 
appear to be well adapted for reaching 
their concealed host eggs, and the mor- 
phological adaptations especially involve 
the metasoma and/or the ovipositor sys- 
tem. Their oviposition strategies can be 
defined by comparison with similar strat- 
egies described in the literature (Gauld 
and Hanson 1995, Smith et al 1993; Smith 
and Wiedenmann 1997), although more 
direct observations are needed to better 
understand their behavior. Chaetostricha 
walkeri inserts its long ovipositor between 
bud scales and is therefore an "ovipositor 
prober". Aprostocetus n. sp. near miridivo- 
rus is both an "ovipositor prober" and an 
"ovipositor driller", as it probably inserts 
its terebra either inside the host oviposi- 
tion wound or through the soft wooden 
substrate. In contrast, both Telenomus spe- 
cies are "metasomal probers". In fact, 
their metasoma is adapted to reach the 
host eggs by inserting at least part of it 
into the host oviposition sites, specifically 
between bud scales in the case of Teleno- 
mus sp. laricis group, or in the host ovi- 
position incision in the case of T. lopicida. 

We have shown that Chaetostricha walk- 
eri is an egg parasitoid of Calocoris quad- 



ripunctatus. This is a new host record and 
it suggests that previous ones were erro- 
neous. In fact, C. walkeri has been reported 
from eggs of Tortrix viridana (Kolubajiv 
1959 according to Du Merle 1983, Marti- 
nek 1963), from the coccid Leucaspis pini 
Htg. (Nikol'skaya 1952), or from unknown 
hosts, supposedly xylophagous larvae 
(Silvestri 1917 citing Foster) or Heterop- 
tera eggs embedded in wood (Silvestri 
1917). The eggs of C. quadripunctatus, the 
true host, were evidently overlooked be- 
cause they were not visible externally. 

Many of the available host records for 
other Telenomus species in the laricis group 
are similarly questionable, and a careful 
reassessment is needed before supposed 
host associations can be accepted as reli- 
able. 
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